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Abstract of JP11017220 

PROBLEM TO BE SOLVED: To enhance light- 
emitting efficiency by laminating an active layer, a 
clad layer, a window layer, a contact layer, and the 
like one after another, depositing thereon a 
conductive translucent oxide layer, while providing 
the contact layer with a recessed portion, and further 
forming thereon a second electrode whose size and 
position correspond with those of the recessed 
portion. SOLUTION: A lower layer electrode 50 is 
provided thereon with a substrate 52 and an overlap 
layer 54 consisting of a lower clad layer 540, an 
active layer 542 and an upper clad layer 544. 
Further, a window layer 56 and a contact layer 58 
are formed on the overlap layer 54. Subsequently, a 
position for forming a recessed region is determined 
on the central region of the contact layer 58. The 
determined position is etched until a portion of the 
window layer 56 appears to form the recessed 
region. Thereafter, a conductive translucent oxide 
layer 60 is formed on the contact layer 58, which is 
then further provided thereon with an upper layer 
electrode 62 of which size and position correspond 
with those of the recessed region. Thus, since 
supplied current is dispersed to the entire light- 
emitting diode, and the conductive translucent oxide 
layer 60 does not absorb' light emitted from the 
active layer 542, luminance is enhanced. 




544 } 
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Data supplied from the esp@cenet database - Worldwide 



file://D:¥Kitajima¥My%20Documents¥EPOV3¥JP1 1 01 7220.html 



2006/07/03 



JP1 1017220 



2/7 ^— v 



Description of corresponding document: US6057562 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the structure of a light emitting diode (LED), and more particularly 1 
structure of a surface emitting LED with a window layer and a conductive transparent oxide layer fo 
obtaining high brightness. 

2. Description of the Prior Art 

AlGalnP alloy technology has been used for making light emitting diodes (LEDs) of wavelength ran 
from about 550 to 680 nanometers by adjusting the aluminum to gallium ratio in the active region of 
LEDs. Further, metalorganic vapor phase epitaxy (MOVPE) is used to grow efficient AlGalnP 
heterostructure devices. A conventional LED contains a double heterostructure of AlGalnP, which ii 
an n-type AlGalnP cladding layer formed on an n-type substrate of GaAs, an active layer of AlGalnJ 
formed on the n-type cladding layer, and a p-type AlGalnP cladding layer formed on the active layei 

For efficient operation of the LED, injected current should be spread evenly in the lateral direction, j 
the current will cross the p-n junction of the double heterostructure of AlGalnP uniformly to generat 
evenly. The p-type AlGalnP cladding layer, which is grown by MOVPE process, is very difficult to 
with acceptors of a concentration higher than 1E18 cm@-3. Further, hole mobility (about 10 to 20 ci 
*v/sec) is low in p-type AlGalnP semiconductor. Due to these factors, the electrical resistivity of the 
AlGalnP layer is comparatively high (about 0.3-0.6 .OMEGA. -cm normally), so that current spreadi 
severely restricted. Consequently, current tends to concentrate, and is often referred to as a current 
crowding problem. 

One technique to solve the current crowding problem is disclosed by Fletcher et. al. in U.S. Pat. No. 
5,008,718. The structure of the proposed LED is shown in FIG. 1, and is fabricated with a back eled 
contact 10, a substrate of n-type GaAs 12, a double heterostructure of AlGalnP 14, a window layer o 
type GaP 16, and a front electrical contact 18. The double heterostructure of AlGalnP 14 mentioned 
includes a bottom cladding layer of n-type AlGalnP 140, an active layer of AlGalnP 142, and a top 
cladding layer of p-type AlGalnP 144. The window layer 16 should be selected from materials that 1 
low electrical resistivity so that current can spread out quickly, and have a band gap higher than that 
AlGalnP layers so that the window layer 16 is transparent to light emitted from the active layer of A 
142. 

In an LED for generating light in the spectrum from red to orange, AlGaAs material is selected to fo 
window layer 16. The AlGaAs material has the advantage of having a lattice constant compatible wi 
of the underlying GaAs substrate 12. In an LED for generating light in the spectrum from yellow to j 
GaAsP or GaP material is used to form the window layer 16. It is a drawback of using the GaAsP or 
GaP material that their lattice constants are not compatible with those of the AlGalnP layers 14 and 1 
GaAs substrate 12. This lattice mismatch causes a high dislocation density that produces less than 
satisfactory optical performance. In Applied Physics Letter, vol 61 (1992), p. 1045, K. H. Huang et. 
discloses a similar structure having a thick layer 16 of about 50 .mu.m (or 500000 angstroms) in thic 
This structure provides a three-times illuminance efficiency than an LED without a window layer, at 
times illuminance efficiency than an LED with a window layer of about 10 .mu.m in thickness. The 
fabrication of this structure unfavorably requires two different processes of metalorganic vapor phas 
epitaxy (MOVPE) for growing the double heterostructure of AlGalnP, and vapor phase epitaxy (VP] 
forming the thick window layer of GaP 16, thereby increasing manufacturing time and complexity. 

FIG. 2 shows another prior art LED, which is disclosed in U.S. Pat. No. 5,048,035. In this figure, the 
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that are not changed in appearance from the structure of FIG. 1 are labeled with the same reference 
numerals. The LED of FIG. 2, in addition to the structure of FIG. 1, is fabricated with a current-bloc 
layer of AlGalnP 20 on a portion of the double heterostructure 14, and a contact layer of GaAs 22 be 
the window layer 16 and the electrode 18. The current-blocking layer 20 is arranged at a position wb 
is in alignment with the front electrode 18 and thus current is spread out laterally by the current-bloc 
layer 20. Two MOVPE processes are disadvantageously required in fabricating this structure, i.e., fo 
the heterostructure 14 and the current-blocking layer 20 by a first MOVPE, followed by a 
photolithography technique to define the area of the current-blocking layer 20, and forming the wine 
layer 1 6 by a second MOVPE. 

FIG. 3 shows a third prior art LED disclosed in U.S. Pat. No. 5,359,209. In this figure, the layers tha 
not changed in appearance from the structure of FIG. 1 are labeled with the same reference numerals 
LED of FIG. 3, in addition to the structure of FIG. 1, is fabricated with an additional p-type window 
of GaAs 30 between the heterostructure 14 and the p-type window layer of GaP 16. Although the wi 
layer of GaAs 30 has good conductivity with carrier concentration of 10@19 cm@-3 or more, the stj 
induces a light absorption phenomenon due to the fact that the energy gap of GaAs is substantially It 
than that of AlGalnP in the active layer 142. 

FIG. 4 further shows a prior art LED disclosed in U.S. Pat. No. 5,481,122. In this figure, the layers t 
not changed in appearance from the structure of FIG. 1 are labeled with the same reference numerals 
window layer of GaP 1 6 in FIG. 1 is now replaced by a p-type contact layer 40 and a conductive 
transparent oxide layer 42 in FIG. 4. Indium tin oxide (ITO) is preferably used for forming the condi 
transparent oxide layer 42, which has high transparency rate at about 90% in the range of visible ligl 
Further, its electrical resistivity (about 3.times.l0@-4 .OMEGA.-cm) is about 1000 times smaller th; 
of p-type AlGalnP, and about 100 times smaller than that of p-type GaP. However, the optimal thick 
of about 1000.about.50000 angstroms does not provide a good condition for effectively emitting ligl 
thereby confining the illuminance efficiency of the LED. 

SUMMARY OF THE INVENTION 

The object of the present invention is to obtain high brightness and reduce manufacturing time for ai 
having spectrum ranging from red to green by using a window layer and a conductive transparent ox 
layer. 

Another object of the present invention is to provide an LED, wherein most processes in forming the 
use only metalorganic vapor phase epitaxy (MOVPE), thereby achieving high controllability of 
composition, carrier concentration, layer thickness, and simplifying manufacturing. 

A further object of the present invention is to provide an LED using multiple quantum well structure 
active layer to improve the quality of the crystalline and the illuminance efficiency of the LED. 

Moreover, an object of the present invention is to provide an LED with a distributed Bragg reflector 
eliminate the absorption of the light emitted from the active layer by the substrate, thereby increasinj 
extraction efficiency of the LED. 

In accordance with the present invention, a structure of LEDs is provided for obtaining high brightn* 
one embodiment, the LED is fabricated with a substrate formed on a first electrode, a first cladding 1 
a first conductivity type formed on the substrate, an active layer formed on the first cladding layer, a 
second cladding layer of a second conductivity type formed on the active layer. Further, the LED inc 
a window layer formed on the second cladding layer, where the electrical resistivity of the window 1. 
less than that of the second cladding layer. A contact layer is then formed on the window layer for 
providing ohmic contact. Finally, the LED also includes a conductive transparent oxide layer formec 
the contact layer, where the electrical resistivity of the conductive transparent oxide layer is less thai 
of the window layer and the contact layer. 
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In another embodiment of the present invention, an additive distributed Bragg reflector layer having 
sublayers is further formed between the substrate and the first cladding layer, thereby increasing ext 
efficiency of the LED. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be fully understood by reading the subsequent detailed description of the 
preferred embodiments thereof with references made to the accompanying drawings, wherein: 

FIG. 1 shows a cross-sectional view of a first prior art LED; 

FIG. 2 shows a cross-sectional view of a second prior art LED; 

FIG. 3 shows a cross-sectional view of a third prior art LED; 

FIG. 4 shows a cross-sectional view of a fourth prior art LED; 

FIG. 5 shows a cross-sectional view illustrative of an LED in accordance with one embodiment of th 
present invention; 

FIG. 6A shows a band structure of a step index separate confinement MQ W; 

FIG. 6B shows a band structure of a graded index separate confinement MQW; 

FIG. 7A shows a staircase formation for forming a compositional grading window layer; 

FIG. 7B shows a linear formation for forming a compositional grading window layer; 

FIG. 7C shows a sublinear formation for forming a compositional grading window layer; 

FIG. 7D shows a superlinear formation for forming a compositional grading window layer; and 

FIG. 8 shows a cross-sectional view illustrative of an LED in accordance with another embodiment < 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. 5 shows a cross-sectional view illustrative of a light emitting diode (LED) in accordance with c 
embodiment of the present invention. A back electrical contact 50 is provided to act as a back electa 
An n-type electrode is used in this embodiment and, however, it is appreciated that p-type electrode 
used instead without departing from the scope of the claimed invention. 

A substrate 52 is then formed on the n-type electrode 50. In this embodiment, an n-type GaAs layer ; 
conventionally formed to a thickness of about 350 .mu.m. A stacked structure of AlGalnP 54, which 
often referred to as active p-n junction layer, is formed on the substrate 52. In this embodiment, the s 
structure 54 includes a bottom n-type cladding layer of AlGalnP 540, an active layer of AlGalnP 54^ 
a top p-type cladding layer of AlGalnP 544. The thickness of the bottom cladding layer 540, the acti 
layer 542 and the top cladding layer 544 is preferably about 1.0, 0.75, and 1.0 .mu.m respectively. 

In one implementation of this embodiment, the active layer 542 is formed using a conventional dout 
heterostructure (DH) technique. In another implementation, the active layer 542 is formed using ano 
conventional multiple quantum well (MQW) technique. Owing to quantum effect, the proportion of 
the active layer 542 decreases, therefore reducing proportion of oxygen therein. Consequently, the q 
of the crystalline is improved, and the illuminance efficiency of the LED increases accordingly. Furt 
carrier overflow phenomenon is reduced to confine carriers inside the quantum wells because the cai 
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concentration in each quantum well is reduced as the number of the quantum wells becomes large. T 
are generally two types of multiple quantum well structure. FIG. 6A shows a band structure of a stef 
separate confinement MQW, in which there are step-shaped confining layers 60 between the claddin 
layers 540, 544 and the MQW active layer 542. On the contrary, a graded index separate confinemei 
MQW as shown in FIG. 6B uses graded confining layers 62 within the cladding layers 540, 544 and 
MQW active layer 542. For shorter wavelength (about 575.about.560 nm) LED structure with weak* 
quantum well confinement, the graded index separate confinement MQW achieves a better illuminai 
efficiency since it contains a reduced density of states in the confining layers 60. 

Referring back to FIG. 5, a p-type window layer 56 having a thickness of about 10 .mu.m is formed 
top cladding layer 544. The electrical resistivity of the window layer 56 (about 0.05 .OMEGA.-cm) : 
than or equal to that of the top cladding layer 544. Transparent material, such as GaP, GaAsP, Galnl 
AlGaAs is preferably used. This window layer 56 is used to improve the illuminance efficiency of ft 
LED. For example, a conventional 590 nm LED without a window layer usually has brightness of 1 i 
minicandela (or mcd). However, 30 mcd or more can be obtained by adding the window layer 56 on 
top cladding layer 544. 

The window layer 56 can also be formed as a compositional grading window layer by gradually adji 
the composition of AlGalnP. FIG. 7 A shows a staircase formation of the window layer 56, where th< 
proportion of Ga, In or Al is changed step wisely along the thickness of the window layer 56. FIG. 71 
shows another similar situation, where the proportion of Ga, In, or Al is changed linearly. Similarly, 
7C illustrates a sublinear formation, and FIG. 7D illustrates a superlinear formation. The staircase ar 
linear formations have advantage of high controllability and stability. The sublinear formation has. 
advantage of thicker window layer because of its low defect density, and the superlinear formation c 
used to increase illuminance efficiency by lowering resistivity of the window layer 56. Generally, us 
compositional grading window layer 56 makes its lattice constant compatible with that of the underl; 
double heterostructure layer 54. 

Referring to FIG. 5 again, a p-type contact layer 58 is formed on the window layer 56. GaAsP, GaP, 
GalnP, or GaAs is used to form this contact layer 58. In this embodiment, the carrier concentration i; 
greater than 5.times.l0@18 cm@-3, and its thickness is greater than 500 angstroms, so that a good c 
contact can be formed between the window layer 56 and a conductive transparent oxide layer 60, wt 
will be described later. The electrical resistivity of the conductive transparent oxide layer 60 (about 
3.times.l0@-4 .OMEGA.-cm) is smaller than that of the contact layer 58 (about 0.01 .OMEGA.-cm 
the window layer 56 (about 0.05 .OMEGA.-cm). 

Tin oxide, indium oxide, or indium tin oxide (ITO) is preferably used to form the conductive transpa 
oxide layer 60. The preferred thickness of the conductive transparent oxide layer 60 is between 100C 
angstroms to 50000 angstroms. Therefore, the transmittance of the conductive transparent oxide laye 
excellent for LEDs in the wavelength range from 550 nanometers (green) to 630 nanometers (red). 1 
conductive transparent oxide layer 60 does not absorb photons emitted from the active layer 542, an< 
electrical resistivity is only about 3.times.l0@-4 .OMEGA.-cm, so that the injected current may 
substantially spread out through the entire diode, thereby contributing to higher power output. 

As the window layer 56 is not thick enough to provide good spreading capability for overcoming the 
current crowding problem, the window layer 56 and the conductive transparent oxide layer 60 work 
together to provide LEDs with high brightness. In this embodiment, 50 mcd or more can be obtained 
compared to 15 mcd for a conventional LED without the window layer 56 and the conductive transp 
oxide layer 60. Finally, a p-type electrical contact 62 is formed on a portion of the conductive transp 
oxide layer 60 to act as a front electrode. It is noted that each layer, except the conductive transparer 
oxide layer 60 and the electrodes 50, 62, shown in FIG. 5 can be grown using metalorganic vapor ph 
epitaxy (MOVPE) method, thereby achieving high controllability of composition, carrier concentrati 
layer thickness, and simplifying manufacturing. 

FIG. 8 shows a cross-sectional view illustrative of an LED in accordance with another embodiment < 
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present invention. Layers that are not changed in appearance from the structure of FIG. 5 are labeled 
the same reference numerals, and are not described in detailed. The basic difference from the structu 
FIG. 5 is the additive distributed Bragg reflector (DBR) layer 80. AlGalnP or AlGaAs is preferably i 
forming this DBR layer 80, which includes a stack of more than 20 layers in this embodiment. The I 
layer 80 is primarily used to eliminate the absorption of the light emitted from the active layer 542 b 
substrate 52, thereby increasing extraction efficiency of the LED. In this embodiment, 80.about.100 
can be obtained by using the DBR layer 80. 

Although specific embodiments have been illustrated and described, it will be obvious to those skill* 
the art that various modifications may be made without departing from the spirit which is intended t( 
limited solely by the appended claims. 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: US6057562 

What is claimed is: 

1. A light emitting diode comprising: 
a substrate formed on a first electrode; 

a distributed Bragg reflector layer of a first conductivity type having more than twenty sublayers for 
on said substrate; 

a first cladding layer of the first conductivity type formed on said distributed Bragg reflector layer; 
an active layer formed on said first cladding layer; 

a second cladding layer of a second conductivity type formed on said active layer; 

a window layer of the second conductivity type formed on said second cladding layer, electrical resi; 

of said window layer being less than electrical resistivity of said second cladding layer; 

a contact layer of the second conductivity type formed on the said window layer for providing ohmic 

contact; and 

a conductive transparent oxide layer formed on said contact layer, electrical resistivity of said condu 
transparent oxide layer being less than the electrical resistivity of said window layer and said contaci 

2. The light emitting diode according to claim 1, wherein said active layer comprises AlGalnP. 

3. The light emitting diode according to claim 2, wherein said active layer comprises an AlGalnP mi 
quantum well structure. 

4. The light emitting diode according to claim 1, wherein said window layer comprises a material ch 
from the group consisting of GaP, GaAsP, GalnP, and AlGaAs. 

5. The light emitting diode according to claim 1, wherein said window layer comprises a compositio 
grading layer of AlGalnP. 

6. The light emitting diode according to claim 5, wherein said compositional grading layer is formed 
changing proportion of Ga, In, and Al in a staircase maimer during formation. 

7. The light emitting diode according to claim 5, wherein said compositional grading layer is formed 
changing proportion of Ga, In, and Al in a linear manner during formation. 

8. The light emitting diode according to claim 5, wherein said compositional grading layer is formed 
changing proportion of Ga, In, and Al in a sublinear manner during formation. 

9. The light emitting diode according to claim 5, wherein said compositional grading layer is formed 
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changing proportion of Ga, In, and Al in a superlinear manner during formation. 

10. The light emitting diode according to claim 1, wherein said contact layer comprises a material ct 
from the group consisting of GaAsP, GaP, GalnP, and GaAs. 

11. The light emitting diode according to claim 1, wherein said conductive transparent oxide layer 
comprises a material chosen from the group consisting of indium tin oxide, indium oxide, tin oxide, 
oxide, and magnesium oxide. 

12. The light emitting diode according to claim 1, wherein said substrate comprises GaAs. 

13. The light emitting diode according to claim 1, wherein said first cladding layer comprises AlGal: 

14. The light emitting diode according to claim 1, wherein said second cladding layer comprises A1C 

15. The light emitting diode according to claim 1, wherein said distributed Bragg reflector layer con: 
a material chosen from the group consisting of AlGalnP and AlGaAs. 

16. A light emitting diode comprising: 
a substrate formed on a first electrode; 

a distributed reflector layer of a first conductivity type having more than twenty sublayers, said distr 
Bragg reflector layer being formed on said substrate; 

a first claddding layer of the first conductivity type formed on said distributed Bragg reflector layer; 
an active layer formed on said first cladding layer; 

a second cladding layer of the second conductivity type formed on said active layer; 

a contact layer of the second conductivity type formed on said second cladding layer for providing o 

contact; and 

a conductive transparent oxide layer formed on said contact layer. 

17. The light emitting diode according to claim 16, wherein said active layer comprises AlGalnP. 

18. The light emitting diode according to claim 16, wherein said contact layer comprises a material c 
from the group consisting of GaAsP, GaP, GalnP, and GaAs. 

19. The light emitting diode according to claim 16, wherein said conductive transparent oxide layer 
comprises a material chosen from the group consisting of indium tin oxide, indium oxide, tin oxide, 
oxide, and magnesium oxide. 

20. The light emitting diode according to claim 16, wherein said first cladding layer comprises AlGa 

21. The light emitting diode according to claim 16, wherein said second cladding layer comprises 
AlGalnP. 

22. The light emitting diode according to claim 16, wherein said distributed Bragg reflector layer 
comprises a material chosen from the group consisting of AlGalnP and AlGaAs. 

23. A light emitting diode according to claim 16, wherein said active layer comprises an AlGalnP m 
quantum well structure. 

Data supplied from the esp@penet database - Worldwide 



file://D:¥Kitajima¥My%20Documents¥EPOV3¥JP1 1 01 7220.html 



2006/07/03 



(19)H#B«fW (JP) (12) Q §fl 45 ^ (A) (ll)tttWHB&W#*» 

#51^11-17220 

(43)&BIB *Fj£ll¥(1999) 1/122 B 

(5i)intci.' mm^ F I 

H 0 1 L 33/00 HO 1L 33/00 B 

E 



SSgfjR * gfjRJB©»47 FD (£12H) 



(21)fflS#^ 


ftK^lO- 128077 


(71)tUISA 


598061302 










(22)mSH 


^10^(1998) 4/3 23 B 












HI* 


(31)«5fc«&3g§^ 


86108537 


(72)&91# 


* mm 


(32)8BfcB 


1997^6^189 






(33)«5t«aE®a 


&m (TW) 




m mst 








■^mmviwmfmmm&2\m\m. 








n mm 














(74)ft&A 





(54) [&W<D%ffi mtiflOr- H 



(57) [£*)] 

iUW±fc»]*£*i,fcS«J:, BUMS 

«s**ri-5 » 2^7 Kg, vftset^mis 2 9 5 y 




— 544, 

~-540> 



--S2 




B 



1 

ntwmztitzm i mnmz^-tz>%, wvv Kg 

#S£8S 2^77 Kl wm^ffiSti 9 /h § ^ •? -< > K ? € 
2 b (ohmic contact) 3rJHH£i"3 <D[zM 

±%z t{m.m%^^9 1 hmftmm/vtmmztiifc 

1-5fc<7\ U-t*'J?t£< tt>&%LXmj$.£htz. »Jt 
^ K 0 20 

2 ] 8*#JS 1 tlH«<0« jt^'T KfcfcV* 
T, aHEffittJi^>*< ttAlGa I nPfc^trrt 

T« (iuf£?gt£g^'>&< HAlGaln P#SS^# 

t> mtE^-OK^^Ga P, GaAsP, Gain 
P, A 1 G a I n P&tM. 1 G a A s b t^T 

5 ] ff *3S l fc8B*0>»ft^-< ;t- Kfcftv 
T, Hij|E3>^^ hl^, G a A s P, GaP, Gal 
nPWGaAsO'M< i fc-o-fc&jg-f-* r * 

6 ] l \z.%m.<r>%%? 4 Or— Kfcfcv* 

ffl|B£&;a*4>&< ctGaAs^tf^ fc«r»«fc 40 

[«**8 ] 1 HflE«©»3t^ Kfc*iV* 

T, iiulESS H?y Kl^'>*< HAlGa I n P Sr 
^tf r t £#® fc -f 5 38* ^ *- K. 

T, milEB2^7i/ Kg/5*'>ft< HAlGa InPSr 

IB*« 1 0 ) $mm 1 fc|E*<o$8jt^ KtrtJ 

g (distributed Braggreflec 50 



#M¥ 11-17 2 2 0 

2 

tor) ii&BL0>±.<»t6 1*7 y KgoTI-^ffcSftT 

[B*S 1 1 1 »#5 1 0 KE*«)»*y-f Kfc 
*5VT, ±.S&7*7 A IGa I nPtAlG 

&i<r>±icBi$.£tifcm i mmmzG-tzm i??? Kg 

#K!6 2 ? 7 y K«©*«Jfi0U 9 /h* v^-f ^ Ki>Ji 
fc, 4 ^b'tmnnzBtitZtlX =i^9 
H (ohmic contact) £3fi£1--5 ©l-ffl 

^kSi:, ^2«ffit^ixT, »*«8jtlHka©-«|J 
'>^< i b&L-tZ&mLXffil&Z 

Mz%%^4 K 0 

1 3 ] S»*il 1 2 ^IfiicCDliTt^y ^— K(i 
*3V^T, HUfEStfeJf #^fc< HAlGa I n P 5r^tf 

1 4 ] M*5 1 3 {^E«©3B)t^ ^- KK 
*5V^T, B5|ESttl^>^< HAlGa In P#»ft 

K. 

1 5 ] If 1 2 fcffi«0>38 jty>r ^— KK 
fcl^T, milE^'f V K^g* ? G a P, GaAsP, Ga 
UP, A 1 G a I n PMA 1 G a A s CD/>^< i t> 

K„ 

1 6 ] 1 2 fcffifW>SSjfcy-r ±- KIC 

*5V^T > BUfB^V^^ Ga As P, Ga P, G 

a I nP&tfGa As ir t-o^fifg-rs ~ b 

Z¥f®b-tZ>, K. 
[B!*5S 1 7 ] |g*^ l 2 te*©*3t^-< ^- Kir 

*< t fc-ofc*tr£ b£®Wbi-Z>. 
K 

l 8 ] 1 2 |r|Eft05l7t^^ ^— Kt- 

tJt^T, mFlE»«*5/>^< HGa As^tf^ iSr# 

1 9 ] 1 2 irie«©n7t^'< nz. 

tJI/^T, HiJffiBl Kl^/>^< HAlGaln 

2 0 ] mim 1 2 KE*©«3tyw ^— 



3 

ti^X. mW,W,2?yy Kl#'>ft< HAlGa In 
P £^tf r b Z¥fWlk-tZ%fty-( a— K. 

ib*« 2 1 ] tmm 1 2 [ctamw^jty-r \f\z. 

|=ffl (distributed Braggrefle 
c t o r ) ii«*fi©±0>JB K«©T(^/&£*1 

2 2 ] f|*9 2 1 £!E«©3Sft*y *- Kl' 
*5I^T, ±157*7 7^K«1^A 1 G a I nPtAlG 
aAs©V>fn«>-oSr'>/i< khfTtZZ k&ftmt 

2 3 ] 1 2 fcffi*©|S3ty W Klc 

«©±fcfl*fifc;fc;h.fcSS 1 ^SSM-f 5 IB 1 * 7 y KH 
K« 1 * 5 y K«©±fc»jfc*iifciSttJiJ:. BES 

? I- (ohmic contact) £ffiH&1~-5©f-.ffl 
;ft5t>©£, Ray*? MiilftlfSrolCMJ 

ixrm^ffiet^^'O K^isifa^^ n©m^ 

ffi©*# $ 2 >f v K 9J|i»30>ttM&&HWIg(rc 

*JV*T. mJfESttS^/>^< ir^A 1 Ga I nP£-&tf 

[»#S 2 6 ] §jf#9 2 5 KB*©**^ 
*3V>T, fitliS?Sttl^/>/ I c< HAlGa I nP#H 

K. 

[ft #5 2 7 ] §f 2 4 fcfc*©**^ 
*3<^T, Sufe-M VKWGa P, GaAsP, Ga 
InP, A I G a I n PRlfA l G a A s ©'>& < b t 

K» 

2 8 ] fl*3l 2 4 tEt©8*^ Kfc 
*3<^T, M^^f? r-Jltf*, GaAsP, Ga P, G 
a I nPWGa As©'>fc< £ ^-O^agtSli: 

2 9 ] tmm 2 4 miE*©**^ *- kic 
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4 

[M*« 3 o ] a** 2 4 \Z%m<D%%^4 *- V\Z. 

3 1 ] gft*£ 2 4 fcSB*©SSJte*y 3J— Kl~ 
*5^T, BUffi^ 1 * 7 y K0#'>fc< HAlGaln 
10 PSr-&tfriSrft«i:i-S553t^*-K. 

[»*«3 2] ffl*3S2 4 td|H«©»3ty-<^—Kt 
fc^T, mJfEg§2y7y KS#'>ft< ttMGaln 
P&^tfZ b*W&blTZ>ft%if'< K. 

3 3 ] tmm 2 4 fcge«w)3Bji£*or km 
iav^r, &L>\zmimm l Mb£>mm*G-$-zy'? y ?r 

MM (distributed Braggrefle 

ctor) &&&L<n±.<omi?y-y FMnTfcM&L&ti 
TV^r b^WLb-T 4 *- K 0 

3 4 ] tmm 3 3 ^te*fc©^7ty^ km 

20 fcV^t, ±E^7 7^1^AlGa I nPtAlG 

•*tt 1 jt¥<< a— K. 
[M*S 3 5 ] tmm 2 4 tffi«©383fcy^ Kfc 

* SWiO* b ZftZ>Z.bZ<fcWLb1r 
K. 

[»*«3 6] Il«S±tM^W:SSc, 

t . R!B 1 ^ 7 y KJi©±fcJ»tf SixfcffittJi i , KS 
30 14Jl©±k:^SJxfc«2ilMBS!Sr^i-5SB2^7y K 

&t?'(^h°<}m<D±.imi8.ZtlX?i— i. yf=i>f 
? h (ohmic contact) SrS^-f^Wtiffl 

mi'£VfoWi1®mWl$.£ti?>z.bXtf'ri/i<<*;w<y 

40 -Y y K^lSt/^v^^ hJi©«^,ffiKJ: 

S7t^{bSt, Sg2«S££*i/-c, ^«*S7t^t:«© 

■Y*- K. 

[M*J1 3 7 ] gft$9 3 6 CBHO**^ FX 
*3V^T, SWEiSttJI4»^4< i fcA l Ga I nP£"^ir 

[W*9 3 8 ] f»#if 3 7 fc:!E«&©38tt?y xj— Kit 
50 &^X, BftlESttS^>*< i: tA l G a I n P#fi* 



(4) 

5 

K. 

*SV>T, 8fFlE7'l' V KvJf #G a P, GaAsP, Ga 
InP, A 1 G a I n PRXfA 1 G a A s h h 

K. 

*5l^T\ H)JfS3>^^ hStf 5 . G a A s P > Ga P. G 
a InPWGaAsC'M<tt-o^jSSt5ri 10 

[»*«4 1 ] If*Jl 3 6 t»KO»3fe^ Kfc 

ft< H— o*fStrtk&#Wik'i-&* %%?41r- 
Ko 

ati-a**^*- k. 

4 3 ] tt#« 3 6 £«e*w>» jty^r Kfc 20 

*J^T, ituIEfS 1 * 7 y KS/)5'>&< HA l Ga I n 
P Sr-^tr r k k -T 5 ¥4 *- K. 
[11*314 4] »*«3 6 \Z.WM.V>&%? 4 *- Kfc 
fcl^T. iWlE^2?7y KS^/>^< HA l Ga I n 

MS (distributed Braggrefle 
c t o r ) asg«©±©Si H5y Kfi©TK»***L 
■Ct^riSr»«i1-53g3t^-i'^— K. 30 
[BM4 6] W*«4 5tE«<D»3t^^--K^ 
tJV^T, ±!E7*7 y VRHm^A IGa I.nPiAlG 
aAs©v^fM>-oSr'>ft< HWtSiH^t 

4 7 ] 3 6 \z.UM<oft%?4 ir- Y\z 

M<7>f¥*ffl&Ifc?(?] 
[0 0 0 1] 

-K0*3t£IBU SfcfcffL<tt. 97vYm*%-t 
[0 0 0 2] 

[$*£>8Efif] A 1 Ga I nPfefaSW*. AliGa 

NOSttSrtroJt*Sri9Si-5r iT\ ifcS5 5 0~6 
8 0nm«IW<O»jt^^--K4:J4Jfi^#S. SfeKl, 
MOV PE (moetalorganic vapor 

phase epitax y =frl&&JiftfB^ f * 
-) Sfif n t A l G a I n P~r a 
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GalnP^Tog^Mll nlGaAsISllDn 
JgA 1 G a I n P * 7 7 KS, 7 y KJI±<7> A 1 G 
a I nPffiftl, fttm«ttJi±tJK«*nfcp»A 1 
G a I nP^y KJf&£Hg1-5o 

[0003] »3t^w a— Yttm^ft-tztzmz. 

It, A l G a I n P^ro^Op ni^ICitAtS 

LT*&-fc3t**r3S1- 5 «t 
5(Ci-5^.^S&5„ MOVPESfWLfcpfA l 
G a I n P * 7 y K«0>*tt*3»A»gfi 1 X 1 0 " 
cm" 3 fiJLhSrSfifcUlKfrofc. plAlG 
a I n P ¥&fcfa(OJERm&& (mobi 1 i t y ) 
li, mil 0~2 0 cm" v/seci, SifeTiSV^ 
r©fcfcp^A 1 Ga I n P^frrt<OSgtttHS*T 
(JiffO. 3~0. 6Q-cm) , «»E0>#1fttt 
^SfetKfeofc. £"31-, tLAlGalnPft© 

Ai^wa^ti^p-rsi, jsetfit^swt-itJraLfc. 

(current crowding) wF^gl^rfl^fiicL 

[0004] Fletcher Hti57^ V 
#frB5, 0 0 8, 7 1 8^-«Pfctt, «8ft^D— r-fV 

*tjjU±, TillilO, nffjGa Asftffil 2. 
AlGa InP^fng^igH, plGaPfM 
y->i>K7*l 6 2«*±Ji*«l 8 ±s£© 
A 1 Ga In P ^7 n i£ 1 4l±niAlGa In 

P T7 7 y KS 1 4 0 , A 1 G a I n PgttS 1 4 2 & 
t^AlGa InP±?75'Kil44 ££t£1-3<, 7^ 

SiSriS-^lftS-fr, S.o^(75/<> K=¥+ y7*f±A 1 G 
a I nPlf)^< l *iXtJ:9 !7-r>-K7g^«ttg 

[0 00 5] fffe^&aferojtsr^^i-sisjt^ 
K-ett, ffltA 1 GaAsi>WV K^I«Mi LT 
fflV^P ) ^^So :©MliHi« nBG a A s Sfi 1 2® 

7^ VK7l«W*lt LTffl&Ga As P^VfiGa P 
^Sffi^ix5„ :©>W8HiA 1 Ga I n P^rcfM 
jgl 4tnfGaAsigl 2 5"7.;f-^t|:<^, 
Sr^LTVS. rw^tdj; "Jffi^te^ (disloc 
a t i on) mm&btzbZft, *tltfim : J-<DVkf¥*Hb 
IZ&W-fZo K. H. Hu a n g^iCi^Ap p 1 i e 
d Physics Letter, vol 61(1 
9 9 2) , fSl 04 5JI+KHMH©«jft#SM&3ft-C 
^tLfii^5 0 ^o^Jc^^K^Il 6Sr 
WLT^So rc75fg^47-Y ^K*JI*r«ffc4i^eiEtt 
**3t^>f*-K©3«©3Bjt;a*4r*U JLo l 0 $ 
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mv>w&T.mc£<omi&£h. bp^movpest-ai 

GalnP^fDl^ffMU £<bl.IVPE (vap 
or phase epitaxy, $r~s 

-) T'GaP^yK^IieeMtstfe, M3tB# 

[0 006] 12 {4Sij©m-n©3S7t;*y K©*ig£ 
TjkLX^io Ztlli, 7 9- y *^*H1#fFS5, 0 4 
8, 0 3 5-§-|Cffi«$ttTV'5tWT'fo 1 9, Ell tPC 
■ ttPlt«F**:aT**UTV»5. El 1 ©«3fiOKA», 
r ©fIigT'14 A 1 G a I n P * 7 -y KJI 2 0 ^fng 
#*iSl 4<0±KJg^SlXTj3*)s GaAs=>> 

hl^WvKi'Ii 6 £±«*ffii 8omi:fSA 
£*tTV^„ ?7J/KI2 0 f4±Jf *i 1 8 CLttfc/tS 
ftSdfe !) . «iHt^*1iT*©^ y v KJ1 2 o L 

(-LTfoSo r©«3if4 2[M]©MOVPEXg£^U 
BPfe® l@©MOVPEX&T'~rng^l$j£l 4 i * 

7-7^20^1, ^i:yy^77^-sff? 

77 K12 O0fftt*Pi£U MfS2@MOVPE 
[0007] B3tt, H 3 OtS*©3S3t^ K©t# 

Jtft^u r^y***aw*fFJB5, 4 si, 122^ 

l-fBtt$ixfc'b(DT'foi9, Ell iPCJf f4PCft#T-ai 
*LTfo5„ El3^$ix5*agT*f4. ll©plGa 
PT'M 1 >'f^K 1 7il6|Iftx.t, pfa^^H 
4 0&tftt«3%|ftftJ|4 2#»JBSilTV*.5. 

SHb-rvs^Ail (1 to) i:i D*ittS»t;g4 2 

S„ *©»l!l^3X10" Q-cmfpiAlG 
a I nPOf^O-lD^^^T'fo^ iopJ^Ga P© 

Sixt©!^©-©;^ £-e;fc5„ La»U 0. i~5$ 

[0 008] 0 4 tt» 4 ©^©^ft^ *- K©t#ig 

El3©t<OtHH:i»±lRlU.^-e^LTfo 
5o -©Utis 1 ^ 1SI1 9ipfAlGa I nPW 

y v KJf 1 4 4 ©ffii-t4-> ayb y -\r (Shot 

tky barrier) ^^ftxi^So :ic, " > ' 3 

y v y -r- 1 mmMftmtm 4 2 f4*}ijf 1 9 ©is 

©«£©££ 14, it«tt*Jf*»iixet «fc 9 ^«^7t 
8HM4 2, 3^^H4 0St) ! ±^7yKil4 4 

fc 5 r b x h 5 „ 

[0 0 0 9] 

mwmtkLx 5 ti-ssis] ±ai©&*©g»4 
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[0010] *^pj(4is>:ic. -nnftytyj*- k*:« 

So 

[OOiil^SflliSfci:, -a©**^*- Ktr 
IfttSittllItt, -t*U±, Z&m^XF (mu 
10 ltiple quantum well) ^ia^ftffi 
LXfe&mbti-rzkt. aSfifiKtaSft^ K© 
»JtS«l*Sr*9L*:to4:-t5. 

[0012] *%m-±z bicnt. -m<r>m%^^^r- 

[0 0 13] 

1 #*S!Sr«-t-5* 1 9 y v KJf t . ifyy K« 

!2ifl?rft?.l2?7-7 Kit. 8352*75' K 
■ ©±fc#jfcS;fxT*©«lffiStjWKJ|S2 * 7 y Kl© 
mmffi^ 4 <9 V -7 -fVK!) Jit, K-M^K^S© 
ItMSnW-^y^^^F (ohmic c 

0 n t a c t) zm.mrz<»\zm^htii>%2mn%L$: 

P>s£ =>>-** KS©j£$|5i-fM#^ft|g l 7'1'>'K'7Ji© 
30 *ffi4T'Kiii-5[aX/^^18:itt>tvTv^t©i:, 

'pt£< bh&feLXM&istit:, Yb LT 

[0014] 2 ©3PJI4, 1 {rE*©H7t 

40 hlCio^X. WBSttJia«**< HAlGa 

1 nPSr1atfri£#mi:-f5. *3t^^- KtLT 

[0 0 15] fS*93©HBJi4. !f*«2[^f2«©^7t 
KlCfcV^T. BtlSE?Sttl^/>^< HAlGa 
I nP#Iif#FiM*t5r b*¥f®b1rz>, m 

[0016] 11*314 ©^BJ 14, ||*« 1 (i|a«©^7t 
Kl-Jo^t, ISiE^^K^GaP, Ga 
AsP, GalnP, AlGaln PSt>'A 1 G a A s 

50 ©'>&< bi>^-?tifr-iZGirz>~bZ'ftWLbir?>. 
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K£ LX^Z. 

[0 0 17] a*9 5©9SWtt, If #9 1 fcffifcOSSft 
^V^"- Kfc&l^-C, flia^V^^ H^, G a A s 
P, GaP, Gain PMG a A s <0'pt£< k <j— o 

•5. 

[0018] flt*9 6 ©SSWtt. ||*9 1 teBE«©3S3t 

*->9A<D>>&< fcfc— oSr^tf^ £&#®£-f-S, % 10 
[0019] if #9 7 ©3PJfi, ft #9 1 fcIE*0>3Sft 

^ Ktifc^T, ftijfESlgdS^ft < £ fcG a A s £ 

StrZ fc*rW»i-t***y-f*- K£ L-a^5. 
[0 0 2 0] m**8 0»Htt. »*9 1 KE«©*3t 

A 1 G a I nP*^trrtSr«f»i:1-5*3ty-f*-K 
£ 

[0021] if *9 9 <D%vm. tmm 1 tiE««>»jt 

Kfcfc^T, mum 2? y y Ym&'Pt£< £ t> 20 
Al Ga I nP«:^trrtSr1*at-r5«3fcy'l'*-K 
£ Ltv^, 

[0 0 2 2] §1*9 1 0 If #9 l fc|E*©3S 

•f 5 7'7-7^SWI (distributed Bra 
ggreflector) ^SS«±(OB Kfl 

[0 0 2 3] If #9 1 1 ©SSfPJtt, If #9 1 0 fcffi*© 
&%¥4Jr- Kfc*3l^T, ±E^7i/^SWS* 5 A 1 G 30 
alnPtAlGaAs ©l/^-f o£'>& < £ t^T 

[0 0 24] If #9 1 2 ©SSWttU % i «S±|i»jjtS 
*tfc»«£, lfSffiW±^^j5g^ttfcBl29m^S:Wi- 

fcffittS£, K£1M^±l::»&£feft:ft2*ttg**r 
2 ?7?Kit, !II2^7 2/ KJi©±fc»J*3 

i -y 2 h (ohmic contact) 40 

M£, vm<D±<D-mmf$.ztiiti&mffi 

LTM £ Or— Yk 
[00 25] |f*9 1 3 ©3891 tt. If #9 1 2 (Clfe® © 
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G a I n P£-£ti>r ££#'$£ 1" 5, 3M£* r <i';*— K£ 
LtV5. 

[0 0 2 6] If*9 1 4 ©380114, If £9 1 3 fcBEfc© 
%%#4i>r- Kfc*5V*T, flMBRttJii^4< HA 1 
Ga I nP£afi^#F«it£3rf3;i££#a£1- 
5. 383fe^V K£ Lti^, 

[0 0 2 7] If #9 1 5 <D%WI*. If #9 1 2 l£fE«© 
«3t* r 'f*-K^*5^T, BUK'^'I' V K"7H^ S G a P. 
GaAs P, Ga I nP, AlGaln PRUA 1 G a 

Asro^/^it^W'-o^tsriMtt 
5* *Jt^*- K£ LTV>5„ 
[0 0 2 8] If *9 l 6 ©JSWtt, It#9 1 2 dffift© 

Kfcisv^-c, mm=>>9^ vmtK g 3 a 

s P, GaP, Gain PRUG a A s ©4>&< £ fc — 
o££}g-f ££#}&£ -f 5s K£LT 

[0 0 2 9] If #9 1 7 ©3891 f±, If *9 1 2 fcffitt© 

5, »3t^i*d-- K£ LTV>5. 

[0 0 3 0] ff*9 1 8 ©3883 tt. If #9 1 2 ictm<D 
K^fc^T. «HBS«*S'>4< £ tG a A 
s Sr#tfr£Sr#a£-f5^7t^^— K£ LT^5„ 

[0 0 3 1] If #9 1 9 <r>wmt. If *9 1 2 MfEftcD 

HA 1 Ga I n P^tfr £^#m£t-S^3t^^^ 

- K£ LTV>5 0 

[0 0 3 2] If *9 2 0 «>»Wfi. If *9 1 2 (CfB«ro 

HA 1 Ga I n Pfr&frr j''!';*- 

- K£ LTl/^So 

[0 0 3 3] If *9 2 1 W^B^fi, |f *9 1 2 {CfaftCD 
»*y-<ah-KK:*5^T, * l ^SS£#»«^ 
y VfcftM (distributed Br 
agg reflector) ft£;fa(D±.CO%i 1 ?yy 

KgroTtc^^n-CU>Sr£Sri|#®£1--5^7t^^ 

- K£ LT^S. 

[00 3 4] If *9 2 2 <D%,W\±. »*9 2 1 lilSftCO 
* jfc^W ^- Kiife^T, ±12^7 ?/ ^R»H*s A 1 G 
a I n P £ A 1 G a A s (D^-ftlfr— -o%'pt£< £ 
1-5r£^#®£1-5^7ty^^-K£ t-CV>5„ 

[0 0 3 5] If *9 2 3 (038 Wtt, If *9 1 2 {^IS«(D 

a>£$*t3r££#m£-t-33l3fcy'f K£ LTV^ 
[0 0 3 6] If *9 2 4 OWft tt, 11 «H±tC^^ $ 
zmityyYgk, \mwyv KJ1©±K:»j*$*l 
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t5f2^7yKii, im 2 ^ y v KScDjb^jfM£ 
:3 — 5 h (ohmic contact) 

fltSo_h^ffM^nrSMffifii^^^ >- K>7Jf =< 10 

LXmf8,$ntzm%yj ir- Yk LT^5 0 
[0 0 3 7] If *^! 2 5 CDfPJti, ft*J5 2 4 KffiftW 

Ga i n p*$tt^k*¥f'mt-t?>, mftyji—Yt 

[0 0 3 8] If* 3 ! 2 6 <»WR\-i. It* 3 ! 2 5 tC=E«CD 20 
Ktefe^T, BUf2SttS#'>ft< HA 1 
Ga I nP&mi1-#F*ffimZmi-Z>^kZ¥f'@.k-f 

[0 0 3 9] If #11 2 7<7>3SW«\ If 2 4 tta«(75 
fgft^V ^- K{-£>I^T. tuffi'M^Kv'jl^Ga P, 
GaAsP, GalnP, AlGaln P&tfA l G a 

[0040] If *«2 8 <DWm, If* 3 ! 2 4 ^i2ft<D 
Igft^V:*- K^l^T, HUffi^V^^ H*i, G a A 30 
sP, GaP, Gain P&T>*G a A s k t> — 

[0 04 1] If* 3 ! 2 9 cD|gPJf4, fflfjftJS 2 4 fclEft© 

-?y*i/<yj»<r>'pt£< kh-^Z^te^kZftWk-t 

[0 04 2] If *i! 3 0 (OWn (4, If *« 2 4 ^fEft© 
JSJt^W*- Kfc*JV*T, flMEK;K;JS'>/.C < k hG a A 40 

[0 0 4 3] n«9 3 l ©aw tt. If* 3 ! 2 4 HB*0 
HJt^V^— KI^JS^T, flifflEJB H77 KJf#*fc< 
HAlGal nPS-^tfr fcfrW*ira**^* 

[0 044] If *i! 3 2 ©31^ (4, If* 3 ! 2 4 (CfEit© 

HAlGal nP*$ts~kZ®mk1rZ>&%.yj* 
- Yk 1/0*3. 
[0 04 5] ffi*ig 3 3 ©3Pj3(4> fltfta 2 4 fc|E*0> 50 
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»*^*—Kfc*JV^T. £fei::SBlW*£i:#*JI& 
ttS^y^i (distributed Br 
agg reflector) #Kt£©_h©3? 1 ? 7 y 

[0 0 4 6] 3 4 ©3S0Jf±, ft* 3 ! 3 3 |i|E*<D 

SHt^*- KKfcl^O ±IB7 , 7 y ^RJWJi^A 1 G 
a I nPtAlGaAs ©ivfixa* — < <t 

1-ZZk£®WLk1r?>%%yj*-Yb LT^5 C 

[0 0 4 7] fg*S 3 5 ©3SWW:, If* 3 ! 2 4 (.IfEft© 

SitSf ^^H* J&W4G-* t i: *W&k1r 

[0 0 4 8] »#JI3 6©3gPj?f4, Bl*H±!C^riSt$ 

5il?7?KIc, S« l * 7 2/ KJI«>±C»jsjESii 

2 fyyYMk. K* 2 ^ 5 y KI©J;|;MJ 

J^W^Kflc, f£^>Ky-Jf©±(;:ffM£tiT 
^ (ohmic contact) 

xnmmKm%*?<<^ Y<?sRxf^>? ? hmnmsut 
m.x<0'i^^mmm^tmtmk. g2ticjtir > s 

n-k%zk®.m.ft&^^99 vmk&v-oYvmvw 

[0 0 4 9] 3 7 £0^P^«, IR 3 6 ^feifttf) 

SHty-f^-KfcjBv^T. ffiriaettJi* S/ >i< Hai 

Ga I n PSr^tfwtSr#mt1-5, %%#4is—Yk 

[00 5 0] »*3S 3 8 (D3§Pjm, 3 7 tlE*W 

Ga I nP#«ft^#P«it^*1-^r kZftWLk-t 

[00 5 1] 3 9 If* 3 ! 3 6 {i|Efi<0 

»Jt^-i**-Kfc*3V^T, BftEf W VK^l^Ga P. 
GaAsP, GalnP, AlGaln P^t^A 1 G a 

AsC>4< ctv^fto-o^ftsrc^fct 
•5. ^t%94is— Yk LT^5. 

[0 0 5 2] If* 3 ! 4 0 <£>!§Bj!f4, If* 3 ! 3 6 t-lS«<73 
Kt-*5^T, HUlSa^^^M^, G a A 
sP, GaP, Gain PRXfG a A s <D'pt£< k t — 
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[0 0 5 3] W*94 1 !##gi3 6fC|E«© 

-> ■> ^ ©'> ti < i 1 -o Sr £tf r i £ <ft« i -f 

[0 0 54] 4 2 Sft&I 3 6 fc£I«© 

KK48V^T, MtHS«/55'>^< HGaA 
s £^tr r i £#&i-f SUtt^*- Ki LTV^„ 
[0 0 5 5] 11*11 4 3 0>36Wf±, If 3 6 (CEtt© 

*- Klcfc^T, mites 1^77 vm&'Jrtt< io 
tUlGa I nPSr^trriSrWtiri - ^**^* 
-Hi L-T^So 
[0 0 5 6] K*« 4 4 ©359J ft, f##gi3 6 KIE*© 

Kf-fc^T, MGflS 2^77 Kl#'>4 < 
HAlGa I nPSr^trrirtWKi:-*-^**^* 
- Ki LtVS. 
[0 0 5 7] If*il4 5 ©3glEf±, !S*53 6 Hl!E«© 
?V K t *3 ^ T . $ & C 9 1 g*S i #SU1 £ 
ttS^-^SWl (distributed Br 
agg reflector) ftW&O AlOW, 1 9 y y 20 

-Ki LT^S. 

[0 0 5 8] lf*94 6tD^^(i, IS*«4 5tw|E*feW 
S&ft^-T^-KUfc^-C, ±157*7 5/^4*11 7)* A 1 G 
a I nPiAlGaAs ©l^f ft^ — ?&'pt£< i 

[0 0 5 9] M#S4 7 ©3Pt1I±, 3 6 (CfSfc© 

* >#3E«&>f * v i s h 5 r t i + s y-r 

^-KiLT^So 30 
[0 0 6 0] 

mM*Gi'Z>%i?yv KJIi, IB l * 5 y KJiifcJB 
jSSJxfcSttJlis SttS±K^Snfc»2#«S!Sr 
ft5^2^77 KS£S«H-5. i©**^*- K 
tt * fc» 2 ^ 7 y K Ji ± t S tifc » 2 * Wi- 
SlM V KfrJItrffU &V<{>] f VM<0&6L1i±%2 9 
yy KJlo»gtJ:0/hSv\ ^ K l >lro±lc(±B 

h (ohmic contact) IrSHfrt" 

K**8ft»fc»0«fiitt*'f>K hJI 
©it&£ "3 /h $ v \, #3P/1 {4 § fe f-m«Pfl±^?r*-r 

li, ^y^niitMJtifcWIit, = 
* hMbtJ > h'y-MftizWtl&ZtltiJ 7 y- b 

W$$\^tt.= *9 9 Vmky-sOV'VmftlCl&l&Ztllt. 

[0 0 6 1] 50 



<8fM¥l 1 - 1 7 2 2 0 
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[UNM] 0 5©Att*»W<7)*i|llfi«©3SJty>r^- 

[0 0 6 2] S&5 2/)*TlWi5 0K>±{^fife$ix 
S 0 ^m^m&mX'llLs £&5 2f4n7f2©G a A s i 
^<Dff£t43 5 0 5 9 a>i £*tS„ iK^T, A 

IGaInP*-/<-7y7*|5 4 ?£ttp nig 

£-«i»£;JxS) 7)*S«5 2±dffM£*LSo 
fte, flA 1 G a I nPt-^-75'7 , i54l±nf© 
A 1 Ga In PT777 K15 4 0, A 1 G a I n PS 
14*5 4 2, RtfpJ&OA 1 Ga I nP±^77K!5 

4 4^gf5, SnJgOA 1 Ga I n P77 7 7 KB 

5 4 0, A 1 G a I n P«t£fli5 4 2&.U'p)F0©A 1 G 
a I nP±^7S' KJf 5 4 4 ©ff £ ii^rtl^ftl 1 . 0, 
0. 75, Ml. 0i7a>k£th&o 

[0 0 6 3] XMMM&mM'? Z&fia-i. AlGaln 
P SttJf 5 4 2 ttftjfc©^ n g-s-affi t «t •? MfcZ *L 
S 0 ISA 1 G a I n PfSttS 5 4 2 iim%HO£m*# 
P (multiple quqntum we 1 1 ;M 
QW) *ig©afl5^J:»)^Sn5. fi^ffll-J; 1 ?, 
A 1 G a In PSttJi5 4 2 CO A 1 *lJ*^/> ^tlT^I 

[0 0 6 4] ®5K>ASr#B8§ttfc^o HI? 1 0 5 y o 
>f SCpiC^^^K^lS 6^pjgtOA 1 Ga I n 
P±*7 5> KE5 4 4£>±t:3$£ti, rcop^co^-f 
>Kl7l5 6©igfit (0. 0 5Q-cm) ttpf(DAl 
Ga I nP^77 Kl 5 4 4 ©fitr[«fc •? /h^l/^^L 
V\ ffl^tt, :©pf©7^ V K?J11U4, iimftS* 
feK7)S^ffl$jx, fll^fiGa P, GaAsP, Ga In 
P^ttAlGaAsWl^W. ^-r>-Kl7l5 6 

So fiiK«J*5 9 0 nm©**^^— KT*-7 

W v K*»S:W£fcv^©©*«tt*«)i 5mc d i 
So L^L, pflDAlGa InP±777Ki544 
V>±.^y-4y K!>15 6Sr**PL^mt-f4, *^3 Omc 
d©iS?S£*f btlSo 

[0 0 6 5] §ibl-, 0 5©A«:#BB.§tlfcl/^ pJFJ© 

^S 0 Z<DUmmX'l$. 3>?^ H58^GaAs 
P, G a P, Gain P^cW4G a A s T*r^^T^ 
So ^©^tDTMliSX 1 0™ cm" i9*t<, 
ff£f45 0 ha-i,J:!)7Ct^. rtbtcit) 

*-Y>K?S5 6 titI*Slfkl6 o (r©g^o^ 



(9) 
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hfIJsW«£ixS 0 ««3%Mfbfl 6 o ntm 

(3X10"' Q - cm) Kg 5 8<D}£j7L 

(0. 0 5Q-cm) «t"3/h$V^) „ g!^T, fii&ttfc 

[0066] aw, mt^^amit^o^^^m u 

to) ci •? 6 otfflfoftSiv *coff$ 

t4(5(£0. 1 5 5 i> aXOfflb £;ftSo *S1PJT* 10 

X/<y#J^tS8*Sil6. rtUHJ:'?, 5 5 0 nm 
GStffc) RV6 3 0 nm (*E3t) ©WJOSSft^-f;*- K 
kl*tLT, i*tt3%II{U16 OroS^tttlS^TS^t 

>K?I5 6rtOdr-y yTjftS^l X 1 O" cm"' ±9 

S 0 #tS«ftl 6 0 t y K^I 5 6 ©^Bli^ 
c^^^ M5 8©P B l©JgjnJ4tS# 1 0^-AT\ JL 

oaMESttiwfcjf 6 o t >m >- k^ji 5 6 <Dm<Dm.m* 

10° ~1 0 ,s t-Affe5:iW>of;„ rftf-J: 
ftioOmAfilT) , ^j*£*LS'>a y r-*-/<y-irf2 

W(;3i5 10" Q-cmf*!l, v/gyh*— 

s. 

[oo6 7] mmi^ pt&<d=i>>*? htmw&aitfc 

©±1*116 2fifitf3V^^ hg5 8 rt©COA/ff W$L 
I:^t5. S;t-f^#f4, H5t©A<o«it«f. *« 

s^shui 6 0 1 raws 5 0 , ±.mwm & 2 eji^h, 

MOVPEifcfMJ^ r. tit- ± "9 *©*&JiSL 

SttSr itfes. 40 
[0 0 6 8] El5©Bfc:;^£*tS©»4, #3£BJ©3Slll 

i[g]5©Ai;::^£JaS<b©i:©ft;*:©iSvM4, £1©7* 
7 y y*fc%lM 80 (distributed Brag 
g reflector) ^S«5 2 JhtMJjlT^ 
5r.tT-, -?:*U4, A 1 G a I n P^W4A 1 G a A s 

(4 2 Ollil±5raS1-?, 0 ^(D^yytf^M^ 0 f4» 

ttl 5 4 2 A»P>*53ti»05StE 5 2 tri SKH5l»> 

U %*i^i:<o%±?'(*- K©&3t3Wfa-h£ft 50 
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~1 0 Omc d©»g£3S#LT^So 
[0 0 6 9] E) 6 © Af4#3PJ©3! 2 *J£«©^7ty-T 
KO*Ji**L, + » @5©AiRCU4Ri: 
^•§-T-^LTfcSo r©HCg(4[?li:i@T-JFM$^ 
S„ IH5©Ai©ft:*:©iiW4, 3^ni59HJt 
1-Stt^jBift-, 3^ni5 9lIll-oC|ii6 

4/jsf^^tisr itfes. e»yy^7 

7^-&W£^y^:/^fT'-iSJ©^'#Jf 6 4iSS|»* 
m 6 ©A(^$ftS1fi£#J!M£;ftS 0 r©|fe# 
S6 4tt±S««6 2l:»Jfr*5«*efcfc»K C10>|6» 
164 (4«j)ftPflJh« t UftflSilS. *H16^JT*»4, 
fti§6 4©*fS-f4K{t->y gffcv'D a^lfcWi 
^{tT^$-->Ai £ix, glc^iPECVDtJ; •Jjg 
*©J¥£f4(i(3:0. 1 ^niz-i^ftSo 
[0 0 7 0] El6©B(4*^K©^2||Jil^!l©t 5— O 
©^ft^^t- KwWffiElT-fc'y, 05©Ai[ll5©B 

fciRiuJij±iRicff#-e*LT*)9, mcm\-±mtxmx- 

JFM^ttSo El6©B©fl|ii©E|6©A©fl|jgt©|l:;*; 
©jgl^f4, #g©7*7y'7*Kttg8 0 (d i s t r i b 
uted Bragg reflector) ;4 5 iEt£ 5 
2±t-ffM£*Vt^Swi:T\ **tfi, aft, A 1 G a 
I n Pj£v>f4A 1 G a A s T'Jgj^ftSo *HJ6^JT- 
(4, ^7^^SWi8 0f4 2 0l^±SrQgi-S„ r© 
:7*7 y ^Sltl 8 0 HfiH4S 5 4 2 i»t,*53ti»<OSffi 
5 2fiJ:SKilX*«'>U *ft£J: D^Tt^V*- K© 
^7t^** s rai±$ttSo -f7v9EMm 
8 0£{£ffl LT8 0~1 0 Omc d ©If LTV^ 

So 

[0 0 7 1] @7(0Afi#»H<7>f^H*fl<&»ft*ry 
K©flfitS-^L, ; e© I P, ®6©Ai:[^CSf4[s]C 
ff*-e^LT*>5. r©PCSf4P)i:X8T-^$tl 
S„ E6©Ai:©a7^©31^(4 > =^n|5 9ll: 
!6IMI*»*SHi', !)y^77^-S»c^tyaA 
iS^ttfflLT, -gp©^^^^ H5 9 b-n<r>t>4 
"S V>m 5 6 A£M&£iflltt6 6 ^jfM^JxTV^S r t 
T-fcSo r©i^Jg*t««6 6f4fitf±l«8l6 2li*rjc£: 

•rsest-fcSo *nffi0yT-f4ttA-rs-f ^-^i4^jx»4 

H' |!<;^^I40 , t$nTSSStH^6 6SrffMLT«»S 

piitst^-r©icfflv^ttSo 

[0 0 7 2] 0 7©B(4*^B^©^3^^!l© , b5-a 
©^7ty^^--K©«jgSr^-r 0 ®6©A7itFIll6©B 
t|p]CS(4IDC^T-a^L, r©|p]DS(4|B]ClSr* 
Jl^J$$*v5o H7©B©«jg©Bl7©A©«jti:©ft^; 
©S^(4, #J|«>^7 7^KltJl8 0&m&5 2_k\z£ 
ttT^SrtT% SE7 , 7"y^glti8 0f4, fflflT, Al 
Gain P^V>(4A 1 G a A s XMtiH&tlZo 
T-14, ^5y^RWJi8 0tt2 0«£Jl±SrSjS-t-5. r 
©^7 7^18 0f4?Sttg5 4 2*^*S3t^©S 
2 K J; * U *n»cJ:»)*jt^*-K 
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18 0l:ffifflLt80~l 0 Omc d©Jfg£3It#LT 
[0 0 7 3] H8 0A»i*3BW«)»4|llt«l<0383ty-< 

pam«/TU rwmcjiiiiHicieT'jfM^n 

5 0 08©Atp> #l©#1l§!i:0 7©A©&l©iM; 
SflS^T'fe^o 08©A<K mH5 0> »£5 2&tf 
TV 7J/KI540 H#Hte#'J-C(i p t ±^7 
yKS5 4 4, >>-r^K^H5 6, H59S 10 

4 > K"7l5 6rttp^©l£»««6 8*SJgfifcSix» CI 
Hfi@8(c:^$ix5i:^?)Tfc5o :©)tS««6 8© 

£&t>*{iLgf4, Btf±Jl«S6 #H 

lt«ffi«6 8^}gfiRSix5. tfc«©asStt!7'f>K*JB 

5 6©#£«rftj£1-5. -tl:iittil«6 8©ll7'7 
s> ^Kfcfl 8 0 fi"M ^ K>7l 5 6 co&yy y ifRftM 

8 0 th 1 ^D7S^, &$C®$6 8 £>7 20 

[0 0 7 4] 0 8©Bfi#3*IM©fS4llifI0!l©k 5~S 
©H*^^- K©«igSr^-f„ HI 7 ©A, 0 7<DB 

i:, 08©Bi©P^T-plcif±l^u.^^-e^L, rro 

|BlCJittlSIC3^-e»***LS. H8©B©«iS©H8 
©A©tiig£:©fi;fc;©iiW±, #S©:75y^K*tS8 

0t)SS1£5 2±(-$iX-CV^^tT% ^7*7"/^g}ti 
8 0 fi, iiS, A 1 G a I n Pi£^f£A IGaAsfl 
tfLZiVio *HJ60iJT*tt, 7"5y ^"SWl 8 0 12 2 0 1 30 
«±^Sffi1-5 0 I©7'7'^S»g8 0ttSttg5 4 
2*>t>*-6Jt«©*tE5 2ti5KJRSr^>L, 
K©^fc$W|6]±£;h,5o 
7"? 5/ ^Sttl 8 0 LT80~100mc 
d©»a4r«#LT^5„ 

[0 0 7 5] W±i±*?§0^©H* Lt^*«tH-t-5tt 
BET* fe <5 , *3PJ ©»*$5H £ ffijg-t 5 ft © t © T-« 

B^©f**^fflrt(-Mi-5t©i:-r5o 40 
[0 0 7 6] 

xa*«* 
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[HfioffiWeKH] 

[0 i ] '&3k<n>yk%?4 *— h'Mm$i*mThz> 0 
[02] %3km\<D&ity<<*- m^mmx-hz. 

[03] «E*OSe ) KJSiJ©«*y'f*-K»Jg**E|-C 

[0 5] *«E©8lHffifl©2««©*3te*W , ;*--K 
©*itg*W®0T'fc-5o 

[0 6] *38W©f5 2Hllllt«©2aa©553t^*-K 
©fltiS*^»fffi0T*&5«, 

[0 7] *3&9!©S3£ttflH©2«£©»#y-f;*-K 
©«itS*»ffi0T'fo5<, 

[0 8] «P^©l4XlM©2tI©M^*- K 
©«3g**lfrffi0-efe3 o 

i o rmmm 

1 2 nff^G a A s Ktg 

14 A 1 G a I n xng-g-tiig 
1 8 ±l«f 

140 niAlGaInPT^77h"l 
14 2 A 1 Ga I n PffittJf 
14 4 AlGaInPi^77Kl 
16 t>4^Y*jm 

2 0 AlGaInP?77Kl 
4 0 pff$3>-^^ hi 

4 2 mmMftrntm 

1 9 Wf 1 

5 o rmmm 
52 mm 

5 4 AlGa InPt-^-777"! 
5 40 TtyvYM 
5 4 2 Sttl 
544 ±^77KI 
5 6 ^VK 1 )! 

5 8 M 

6 o 

6 2 ±1«H 

so -fy'ssmttm 

59 37^H 

6 4 ffeitg 

6 6 ffi&ftffltt 

6 8 fctitfflJ® 
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ims] 



62 
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